The minimum requirement for the anti-caries effect of a dentifrice is the presence of available and stable fluoride in the formulation. The concentration of available fluoride in the major dentifrices sold in Brazil has been reported, but few data have been published about its stability, which is temperature-dependent. Thus, the aim of this study was to evaluate the concentration and stability of fluoride in dentifrices sold in Manaus, AM, Brazil, which is a typical tropical city. The concentrations of total fluoride, total soluble fluoride, MFP, and of insoluble fluoride of six Brazilian dentifrices and an imported one were analyzed. The analyses were made when the dentifrices were purchased and during a year of storage at room temperature (28.9 ± 1.16°C) and under refrigeration (26.3 ± 0.88°C). The analyses were performed using an ion specific electrode Orion 96-09. At the time of purchase, all the dentifrices analyzed showed more than 1,000 ppm (mg F -/g; w/w) of soluble fluoride. However, in most of them, this form of fluoride was not shown to be stable. The highest loss of soluble fluoride was found for storage at room temperature, reaching up to 40%. Although all dentifrices comply with the Brazilian guidelines with regard to the concentration of total fluoride (maximum of 0.15%), the instability of soluble fluoride observed in some of them can impair their anti-caries effect and this condition is not contemplated in the Governmental rules. DESCRIPTORS: Dentifrices; Fluorine; Toothpaste; Fluorides.
INTRODUCTION
The decline in the prevalence of dental caries observed over the last few decades of the XX th Century has been attributed largely to the use of dentifrice, which is considered the best method of using fluoride because the teeth are simultaneously cleaned with the purpose of promoting oral health 10 . However, in order for the dentifrice to be efficient, it is important that the fluoride be soluble in the formulation and regularly present in the oral cavity in order to interfere with the phenomena of enamel-dentine demineralization and remineralization 21 . The majority of dentifrices contain fluoride in their composition in the ionic free form (F -) of NaF, or ionizable in the form of sodium monofluorophosphate (MFP), which are considered active forms for controlling caries 18 . These must be in the dentifrice in a soluble form to guarantee activity against caries 1 . However, depending on the formulation, part of the fluoride may be inactive 5 3 , which is in force, abolished the need for dentifrice to show soluble fluoride. This resolution only establishes the maximum fluoride content (0.15%) that is permitted in a dentifrice, without specifying quality. In addition, it admits low solubility salts, like calcium fluoride, for example, to be used in dentifrice, which would result in a formulation with a maximum of 8.0 ppm soluble fluoride.
The evaluation of fluoride concentration in dentifrices sold in Brazil has been followed up since 1980 4 , and up until 1988 only 25% of those consumed were fluoridated 8 . Currently, 99% of them contain fluoride and although there are over 30 brands, five of them represent 92% of Brazilian consumption. The consumption of dentifrices in Brazil is 1.45 g/day/person 9 and if these five dentifrices were adequately fluoridated, the majority of the population would have anti-caries benefits. The majority of the dentifrices are manufactured in the State of São Paulo and an analysis of these five, in samples collected in the five Brazilian regions, showed a significant concentration of soluble fluoride in all of them 11 , but the stability was not evaluated. Recently these five dentifrices were analyzed and it was found that in the majority of them, the soluble fluoride concentration found was lower than the total reported on the packaging 17 . In addition, a dentifrice launched on the market during the term of the current administrative ruling was analyzed, and 60% of its total fluoride was found to be in insoluble form bound to the abrasive 19 . However, both in a study by Duarte et al.
11 (1999) and in another by Orth et al. 18 (2001), the stability of the fluoride was not evaluated. Furthermore, with age there is a considerable loss in the soluble fluoride concentration found in dentifrices, which is accelerated with the increase of temperature 13 . This being so, the aim of this study was to evaluate the availability and stability of fluoride in dentifrices purchased and consumed in Manaus, AM, Brazil, considering the distance from the dentifrice producer industries, situated in the State of São Paulo, as well as the climatic conditions of this city.
MATERIALS AND METHODS

Samples and experimental design
The five dentifrices most consumed on the Brazilian market were purchased in the City of Manaus trading center from two large supermarkets. The imported dentifrice Crest â was also acquired, as it is recognized by the American Dental Association (ADA) as being anti-caries, and also the dentifrice Tandy â , as being representative among the infant Brazilian public. Table 1 gives the characteristics of the dentifrices, as informed on the packaging.
For each dentifrice analyzed, 12 tubes were stored in two groups. The first group, composed of six tubes of each brand, was kept in an air conditioned environment, simulating a large size commercial establishment. The second group was stored at a residential ambient temperature. The analyses were carried out at the time of acquisition and after 4, 8 and 12 months (August/97 to July/98) for the two groups.
The temperatures were recorded daily at the following times: 8:00, 12:00 and 18:00 h, and the monthly average was calculated.
Determination of the fluoride concentration in dentifrices
The analyses were done in duplicate, basically using the procedure described by Cury 6 (1987) and modified by Orth et al. 17 (2001) . In this study calibration curves were made with standard fluoride solutions containing from 0.5 to 4.0 µg F − /ml; an electrode (Orion 96-09) and an ion analyzer (Orion 720A) were used.
The following concentrations were determined: (1) total fluoride (TF), which represents the sum of the total soluble fluoride concentrations plus the insoluble (linked to the abrasive); (2) total soluble fluoride (TSF), representing the ionic free fluoride (F -) plus the ionizable in the form of MFP and (3) soluble fluoride in the free form (F -). From these analyses the MFP and insoluble fluoride (Fins) concentrations were calculated. All the results were expressed in ppm (mg F -/g; w/w).
Statistical analysis
The experimental design used took into consideration the following factors: dentifrice, storage temperature and storage time. Considering the absence of normality through the Shapiro-Wilks test, the non-parametric technique of the part subdivided into time was used. For the multiple comparisons the level of 5% of significance was considered (p £ 0.05), and the Software Analysis System (SAS)* was used.
RESULTS
During the evaluation period (August/97 to July/98) the ambient temperature ranged from 26.6 to 30.1, an average of 28.9°C. Under air conditioning it ranged from 25.6 to 28.7, a mean of 26.3°C.
Graph 1 shows the results (average of n = 6) of total fluoride concentration (TF), total soluble (TSF), ionizable (MFP) and insoluble (Fins) in the dentifrices stored over time in the ambient temperature. With regard to TF concentration there was no statistically significant change over time (p > 0.05) and the results are in accordance with the current National Sanitary Vigilance Agency (ANVISA) regulation 3 . The TSF concentrations in the dentifrices Close-up â , Crest â and Tandy â did not show significant changes over time (p > 0.05). The dentifrices Colgate MFP-Ca â , Gessy â , Signal â and Sorriso â showed a decrease of TSF concentration as a result of storage time in ambient temperature (p < 0.05). In Graph 1 it may also be seen that the MFP concentration of the dentifrices Colgate â , Gessy â , Signal â and Sorriso â diminishes at the same time that there was an increase in Fins.
Graph 2 shows the results of fluoride concentration in the dentifrices when they were stored over time under air conditioning. With regard to TF concentration, there was no statistically significant change as a result of time (p > 0.05). The toothpastes Close-up â , Crest â and Tandy â showed the same pattern as that observed for ambient temperature with regard to TSF, while Colgate MFP-Ca â , Gessy â , Signal â and Sorriso â showed a significant decrease as a result of time. In addition, Graph 2 also shows that the MFP concentration of the dentifrices Colgate MFP-Ca â , Gessy â , Signal â and Sorriso â diminished at the same time that there was an increase in Fins.
With regard to MFP, both at ambient temperature and under air conditioning all the dentifrices containing this type of fluoride showed decrease in concentration as a result of time (Graphs 1 and 2). Comparing this variable between the two ambient conditions, the differences were not significant for Close-up â at all of the times; in Colgate MFP-Ca â there was a small loss at all times under air conditioned temperature, but the differences were only significant at the times of 8 and 12 months; Gessy â , Signal Ò showed the smallest losses also under air conditioning, these being significant at the times of 4, 8 and 12 months. 
DISCUSSION
According to Rölla et al. 19 (1991), only one method of dental caries prevention is common to all countries that showed a reduction in the prevalence of this disease: the use of fluoridated dentifrice. However, in order for the fluoridated dentifrice to attain its therapeutic effect in terms of caries prevention, it is necessary for it to meet minimum requirements in terms of availability and stability of fluoride 1 . Thus, in the past, dentifrices were unable to reduce dental caries due to the formulations containing free ionic fluoride and calcium together 12 . As a consequence, the formation of low solubility products occurred in the formulation with the inactivation of fluoride in the product 16 . Furthermore, this reaction is fast and in a week 60-90% of the fluoride would be insoluble 14 .
The first relevant result of this study was to show that storage conditions are important to the stability of fluoride in the dentifrices and for a difference of only 2.6°C between the tested storage conditions, significant losses of soluble fluoride were found (p < 0.05). This leads us to suppose that under more drastic temperature conditions, a greater loss of soluble fluoride would occur in some dentifrices.
With regard to total fluoride (TF) there was no variation in concentration as a result of storage time under the two conditions studied. In addition, the results are in accordance with the packaging specifications reported by the manufacturer. This non-variation of the total was expected, as the total never changes, but there may be chemical changes from one form of fluoride to another as a result of product instability.
The concentration of total soluble fluoride (TSF) in the dentifrices Close-up â , Crest â and Tandy â did not undergo alterations as a result of time. This should be attributed to the fact that these toothpastes have NaF/silica (Crest â and Tandy â ) and MFP/silica (Close-up â ) in their formulation. Of these dentifrices, Duarte et al. 11 (1999) analyzed the dentifrice Close-up â , and the present result is in agreement with that report. Silica allows the fluoride concentration in a dentifrice to remain stable, independent of whether it is in F − form or in MFP. On the other hand, the decrease of TSF in the dentifrices Colgate MFP-Ca â , Gessy â , Signal â and Sorriso â should be attributed to the fact that these toothpastes are composed of MFP, which undergoes hydrolysis over time producing free fluoride (F − ) which in turn is inactivated by the Ca ++ of the abrasive 5, 13, 14 . It should be pointed out that in this study an evaluation was made over the period of one year, but it should be emphasized that the estimated time that dentifrices stay in a supermarket is approximately 3 months. This time would be sufficient to prevent a loss of soluble fluoride and thus the manufacturers' strategy for guaranteeing an anti-caries concentration seems to be to produce dentifrices with 1,500 mg F − /g, which is the maximum permitted by law 3 . Thus, this would compensate the fluoride inactivation by the abrasive, and a soluble concentration of 1,000-1,100 mg F -/g would be guaranteed by the time that the toothpaste is consumed. Nevertheless, although the city of Manaus has a tropical climate, the maximum average temperature at which the dentifrices were evaluated was 30.1°C. Therefore, under higher temperature conditions one would expect a greater loss of active fluoride in a shorter period of time and this could be relevant for the dentifrices with MFP/CaCO 3 .
Although the data of this study have shown a decrease of TSF over the storage time, the minimum concentration attained has been able to contribute towards the decline of dental caries that has occurred in Brazil during the last years 15 . However, in order for this decline in caries to continue occurring, the control and adequate regulation of dentifrices is mandatory. The results obtained in this study showed that all the dentifrices complied with the administrative ruling in force 3 , a maximum of 0.15% of TF. However, as the need for fluoride in the dentifrice to be soluble (active against caries) was abolished, there is no longer any guarantee that the population will be using a product with a minimum concentration of active fluoride to reduce caries; a recent publication showed this to be a real risk 17 . With regard to insoluble fluoride (Fins), the results of this study showed that in the dentifrices containing MFP/CaCO 3 there was already an average of 17% of Fins when the product was purchased. After a year at ambient temperature this increased to 40%, while in the samples stored under air conditioning the increase attained 35% (Graphs 1 and 2 ). This may be explained by the hydrolysis of MFP that releases free ionic fluoride, which links with the calcium of the abrasive resulting in insoluble fluoride. The behavior observed in this study for dentifrices with MFP-Ca has been reported in the literature 2, 5, 7, 11, 13, 14, 20 .
CONCLUSIONS
1. In terms of fluoride stability, the silica-based dentifrices, either containing NaF or MFP, were shown to be stable whether they were stored at ambient temperature or under air conditioning. 2. The calcium carbonate-based dentifrices containing MFP showed a decrease in TSF concentration and an increase in the percentage of Fins over time, and this was more evident when stored at ambient temperature.
3. However, all the dentifrices analyzed comply with Resolution No. 79/2000 of the ANVISA, Brasília-DF, which needs to be modified because it only requires compliance with regard to the quantity of fluoride in dentifrices and does not consider its quality.
